Ascorbate promotes the cellular accumulation of doxorubicin and reverses the multidrug resistance in breast cancer cells by inducing ROS-dependent ATP depletion.
Chemotherapy is the most effective strategy for the treatment of metastatic breast cancer. However, P-glycoprotein (P-gp)-mediated multidrug resistance severely limits the efficacy of chemotherapy and is a major cause of the failure during chemotherapeutic treatment. In this study, we investigated the anticancer effects of combining chemotherapeutic drugs with ascorbate (AA) in human breast cancer cells. We found that combined administration of AA can improve the sensitivity of both MCF-7 and doxorubicin (Dox)-resistant MCF-7/Adr cells to Dox in vitro and in vivo by a reactive oxygen species (ROS)-dependent mechanism. Further studies proved that AA can promote the accumulation of Dox in MCF-7/Adr cells when combined with doxorubicin. AA had no effect on the expression of P-gp at the mRNA and protein levels, but could decrease its activity as demonstrated by an obvious inhibition of efflux of P-gp substrate Rh 123. AA reduced ATP levels in both MCF-7 and MCF-7/Adr cells, and pretreating AA-stimulating cells with catalase completely rescued ATP levels. With ATP reduction, we observed an increased cellular calcium and the appearance of vacuoles and micropores on the cell surface, indicating the increased cell membrane permeability in AA-treated MCF-7/Adr cells. The above results suggest that AA could promote the cellular accumulation of doxorubicin by inducing ROS-dependent ATP depletion. Clinically, a combination of AA with doxorubicin would be a novel strategy for reversal of the multidrug resistance in human breast cancer cells during chemotherapy.